The Northeastern Brazil has a great potential for production of melon (Cucumis melo) and watermelon (Citrullus lanatus). More than 20 virus species have been found naturally infecting cucurbit species around the world, but only seven of them were already found infecting those cucurbit crops in Northeastern Brazil. Plant viruses have been identified by several methods involving their morphological, physical, biological, cytological, serological and molecular properties, but serology is one of the most specific and accessible methods to obtain a rapid and precise diagnosis of a plant disease caused by virus. Several serological techniques were developed and the advent of the enzyme-linked immunosorbent assay (ELISA) has facilitated the use of serology in the identification and characterization of plant viruses, including those infecting melon and watermelon. Virus infections in melon and watermelon are considered of great importance because they can seriously affect yield all over the world, mainly in developing countries. The present review describes biological, morphological, serological and molecular properties of important virus species infecting melon and watermelon in commercial fields of Northeastern Brazil. The review covers the virus species from the following family and genera: Potyviridae 
INTRODUCTION
Virus infections affect seriously the quality and quantity of agricultural products around the world, especially in less developed countries. Correct identification of plant diseases caused by viruses can be accomplished by several methods involving their morphological, physical, biological, cytological, serological and molecular properties (Naidu & Hughes 2001 , Lima et al. 2012 . Several laboratory methods have been developed and adapted for plant virus identification, but serology is one of the most specific and easy method to obtain a rapid and precise diagnosis of a plant disease caused by virus (Ball 1974 , Naidu & Hughes 2001 , Purcifull et al. 2001 , Lima et al. 2012 . Serological methods are all based on the unique ability of animal antibodies bind to small target areas known as epitopes on the proteins that elicited their synthesis, and may be decisive in the final identification of an unknown virus that infects cucurbit plants. Several serological techniques were developed for identification and characterization of plant viruses and the advent of the enzyme-linked immunosorbent assay (ELISA) has facilitated the use of serology in the identification and characterization of plant viruses, including those that infect melon (Cucumis melo L.) and watermelon [Citrullus lanatus (Thumb.) Matsum & Nakai Mansf.] (Almeida 2001 , Lima et al. 2012 .
Although serology constitutes the most used method for plant virus identification on a large scale, the use of molecular techniques for plant virus identification and characterization is increasing all over the world (Mumford & Seal 1997 , Candresse et al. 1998 , Lima et al. 2012 .
The Northeastern Brazil has a great potential for production of melon and watermelon, but virus infections are considered of great importance because they can seriously affect yield all over the world, mainly in developing countries. More than 20 viruses were found naturally infecting different cucurbit species (Lisa & Lecoq 1984 , Purcifull et al. 1984a , 1984b , Gil-Salas et al. 2011 , Moradi 2011 , Abdalla et al. 2012 , Finetti-Sialer et al. 2012 ), but only seven viruses were detected and isolated from melon and watermelon in Northeastern Brazil (Lima et al. 1980a , 1980b , Lima & Amaral 1985 , Oliveira et al. 2000 , Moura et al. 2001 , Oliveira et al. 2002 ). The present review will cover only the most important virus species infecting melon and watermelon in the commercial fields of Northeastern Brazil.
Viruses from Genus Potyvirus
The viruses from the genus Potyvirus represent the main problems for melon and watermelon, and four virus species were isolated at the PVLab/UFC. They present very similar biological and molecular properties and three of them were already deeply characterized and described: a) Papaya ringspot virus, type Watermelon (PRSV-W); b) Watermelon mosaic virus (WMV), and c) Zucchini yellow mosaic virus (ZYMV). All these virus species are included in the family Potyviridae, genus Potyvirus (King et al. 2012) . The genome of virus of the genus Potyvirus is an unique molecule of positive sense single strand RNA (ssRNA) of approximately 10 Kb that contain a large ORF for a polyprotein of about 3,000 to 3,300 amino acids, which is processed by cleavage with several proteases producing 12 functional proteins. Recent studies have demonstrated the presence of short ORF called "pretty interesting potyvirus" (PIPO) inserted in the P3 cistron expressed by a ribosomal frameshifting to produce P3_PIPO, which has been shown to be essential for virus intercellular movement. The virus particles are about 750 nm long and 11 nm wide and the 5` of the ssRNA has a virus protein genome linked (VPg) and the 3` is polyadenilated (PoliA) (Shukla et al. 1994 , King et al. 2012 .
Papaya ringspot virus, WMV and ZYMV are efficiently transmitted by several aphid species in a non-persistent manner, but only ZYMV seems to be transmitted by seeds from infected plants (Lisa & Lecoq 1984 , Purcifull et al. 1984a , 1984b . They are serologically related, but PRSV-W shows strong serological difference when compared with WMV and ZYMV in indirect ELISA with homologous and heterologous polyclonal antiserum specific for each virus species (Oliveira et al. 2000 , Fig.  1 ). These viruses cause severe symptoms in Cucurbita pepo L. ´Caserta` (Fig. 2) and in the majority of melon (Fig. 3 ) and watermelon genotypes, but specific resistant gene of each virus can differentiate them. The PRSV-W, formerly known as watermelon mosaic virus 1, is the most prevalent virus in melon fields in the Northeastern Brazil (Lima et al. 1980a , 1980b , Lima & Amaral 1985 , Oliveira et al. 2000 , Moura et al. 2001 , Oliveira et al. 2002 , followed by WMV (Sá & Kitajima 1991 ). An isolate of PRSV-W was obtained from plants of Luffa operculata Cong. naturally infected which could be considered important reservoir of this virus (Lima et al. 1997a) .
A virus isolate obtained from naturally infected C. pepo ´Caserta` in the State of Ceará showed to be serologically related but different from PRSV-W, WMV and ZYMV (Lima et al. 1996 , Lima et al. 1997b . The virus isolate was denominated Caserta mosaic virus (CsMV), and despite its restricted occurrence to experimental areas near Fortaleza, Ceará (Lima et al. 1991) , its presence indicates that new strains and new species of virus could appear due to mutations along the years, since new cucurbit species, varieties or hybrids are grown in large scale. For this reason, breeders and virologists should permanently monitor the biological adaptation of viruses in the breeding fields. Unfortunately, the isolate of CsMV was lost before its complete molecular characterization.
Natural occurrence of two or more viruses in the same plant is very frequent and mixed infections of PRSV-W, WMV and ZYMV increased the symptom effects in different genotypes of melon and watermelon. The intensity of symptoms in double virus infections revealed the existence of synergistic interaction between PRSV-W, WMV and ZYMV in melon and watermelon, and that the double or triple infections involving ZYMV showed the most severe symptoms . As mixed virus infection is frequently found in the field (Oliveira et al. 2000 , the production of cultivars with double or triple resistance is very important to control the diseases. Polyclonal antisera of high quality were produced for isolates of PRSV-W, WMV and ZYMV, and the virus isolates with their respective antisera are maintained at the PVLab/UFC for diagnosis and research programs.
Even considering the biological diversity of these viruses, resistant cultivars or transgenic plants represent the best way to control them. Oliveira et al. (2002) evaluated several melon hybrids produced by the Embrapa/CNPAT and found that eight hybrids were resistant to WMV, ZYMV and PRSV-W. According to Parlevlit (2000) virus resistance in plants is, frequently, moderately durable, even if it is monogenic or polygenic, and for this reason the resistance never last forever. These results support the importance to look for new form to increasing the virus resistance in melon. Paiva et al. (2003) using a recurrent selection obtained plants with triple resistance to PRSV-W, WMV and ZYMV.
Squash mosaic virus
Squash mosaic virus (SqMV) is included in the Family: Secoviridae; Subfamily: Comovirinae and Genus: Comovirus (King et al. 2012) . The viruses from the genus Comovirus, including SqMV have a divided genome composed of two positive sense ssRNA segments (RNA1: 2,400 kDa and RNA2: 1,600 kDa), but neither RNA species alone can infect plants systemically. Each RNA species is encapsidated in a different coat protein made of the same two types of polypeptides of approximately 40-45 kDa and 21-27 kDa, and each RNA encodes a polyprotein which is cleaved by proteinases to produce functional proteins. The proteins necessary for RNA replication is in the polyprotein encoded by RNA1, and the coat proteins and the proteins involved in cell to cell virus movement are in the polyprotein encoded by RNA2 (Campbell 1971 , Zitter et al. 2004 , King et al. 2012 .
Squash mosaic virus can be transmitted by beetles, particularly Diabrotica spp. and Acalyma spp. (Campbell 1971) and its distribution in the field is associated with high levels of the vectors. Therefore, the incidence levels of SqMV, normally, are low and scattered. The virus can be also transmitted mechanically and through seeds from infected melon and squash (Cucurbita spp.) plants (Campbell 1971 , Zitter et al. 2004 , Astier et al. 2007 ). According to Zitter et al. (2004) , the seed transmission rate varies from 0.4% to 10%, but higher rate has been found (Nelson & Knuhtsen 1973a , 1973b , Lima & Nelson 1975 ). An isolate of the virus was introduced by commercial seeds in a melon producing field in the State of Rio Grande do Norte, but it was efficiently controlled through an eradication program (Lima & Guedes 1993 , Lima et al. 1997 . Based on biological and serological properties, isolates of SqMV were classified into two groups: SqMV-I and SqMV-II. Isolates from SqMV-I group cause severe symptoms in melon (Fig. 3) and squash, but don't infect watermelon, and isolates from group SqMV-II cause serious symptoms in Cucurbita spp. and only mild mosaic in melon (Nelson & Knuhtsen 1973a , 1973b , Lima & Nelson 1975 , Zitter et al. 2004 .
The virus has a restricted host range confined to cucurbit species, and it is more important in cantaloupe melon, squash and zucchini (Cucurbita pepo L.) (Campbell 1971 , Lima & Nelson 1975 , Lima et al. 1997 , Moura et al. 2001 ). An isolate of SqMV obtained from naturally infected watermelon plants in the State of Piauí was able to infect 30 varieties from six different cucurbit species presenting symptoms, which varied from mottle to severe mosaic and leaf distortion (Lima & Amaral 1985 , Lima & Vieira 1992 . Although the most common strains of SqMV are not commonly found in watermelon plants in natural conditions, another isolate of SqMV with the property to infect watermelon systemically was also obtained in USA (Lima & Nelson 1975) . On the other hand, other SqMV isolate obtained from melon in the State of Ceará did not infect watermelon (Lima et al. 2011) . The virus is present in low levels of incidence in the States of Ceará, Maranhão, Piauí and Rio Grande do Norte.
Polyclonal antisera were produced for two isolates of SqMV maintained at the PVLab/UFC for diagnosis and research programs. Antisera for some plant viruses, including SqMV were also obtained by rabbit oral immunization (Rabelo Filho et al. 2005 , Lima et al. 2012 . The virus can be controlled by the use of virus-free seeds and eradication of its first sources of inoculum in the field.
Cucumber mosaic virus
Cucumber mosaic virus (CMV) is the type member of the genus Cucumovirus from the family Bromoviridae (King et al. 2012) . Its infectious genome is divided between three species of positive sense ssRNA: RNA1 (3.6 kb); RNA2 (3.05 kb); RNA3 (2.16 kb) and a subgenomic RNA4 (1.03 kb) that encodes for the coat protein and is encapsidated together with RNA3 in one of the three virus isometric particles. The 5´ end of each RNA is caped, and the 3` end has t-RNA structure (Hull 2009 , King et al. 2012 .
Cucumber mosaic virus has a worldwide distribution and a very wide host range. The virus has the widest host range of any known plant virus infecting more than 1,000 plant species, allowing the virus to survive in other crop species, including wild plants and ornamentals (Francki et al. 1979 , Palukaitis & Garcia-Arenal 2003 , Hull 2009 ). All cucurbit species are susceptible to CMV, but watermelon is rarely infected. Isolates of the virus were detected in cowpea [Vigna unguiculata (L.) Walp. subsp. unguiculata] and banana (Musa spp.) in the State of Ceará (Lima et al. 1996 . The severity of CMV symptoms is dependent on the virus strain involved, the infected crop species and on the presence of a satellite RNA (satRNA) (Francki et al. 1979) . Some strains of CMV have been reported to harbor satRNAs which are small, linear molecules ranging from 332 to 405 nt long. The satRNAs are dependent on CMV for their replication, encapsidation and dispersion, but they are not necessary for the life cycle of the virus. A number of variants of satRNA attenuate symptoms induced by CMV in different plant species, whereas others intensify them (Palukaitis & Garcia-Arenal 2003) .
In the cucurbit species, the virus causes mottle, mosaic, foliar deformation and reduction of the plant height. Fruits can be malformed and distorted, sometimes presenting mottle. The CMV can be transmitted by seed in different levels and by more than 60 aphid species on a non-persistent manner, but Aphis gossypii and Myzus persicae are the most important vectors (Francki et al. 1979 , Palukaitis & Garcia-Arenal 2003 . The use of resistant cultivars (open varieties or hybrids) is considered the best away to control CMV. Source of resistance in melon was identified to a CMV isolate obtained in Ceará (Paiva et al. 2003) .
Cucumber mosaic virus is not considered important problem for melon and watermelon in Northeastern Brazil, mostly because of its mild symptoms (Fig. 3) and its low levels of incidence. Among 793 cucurbit samples collected in the field for analysis at the PVLab/UFC, only 0.5% was infected with CMV. Polyclonal antiserum reactive in ELISA was produced for one isolate of the virus obtained from naturally infected cowpea (Lima et al. 1996) .
Melon Yellowing
Outbreak of a relative new disease has been causing serious problems on melon producing fields in Northeastern Brazil (Fig. 4) . The disease is characterized by a progressive yellowing, initiating in the lower leaves. As time goes on, all the leaves turn yellow, and in fields with 55 to 60 days all the plants present an intensive yellowing mosaic. The characteristic symptoms showed to be very similar to those described for the diseases caused by viruses from the family Closteroviridae, genus Crinivirus, but the etiology of the problem is still not completely defined. The disease affects seriously the total fruit soluble sugar reducing the Brix degree in the fruits.
Field, greenhouse and laboratory studies with a virus isolate obtained from melon plants showing the typical yellowing symptoms indicated that the virus should be related to Lettuce infectious yellows virus (LIYV), family Closteroviridae, genus Crinivirus. The results of RT-PCR with primers specific to the region of heat shock protein from LIYV showed an amplified DNA fragment with 600 nt which correspond to the expected for LIYV. The virus was not transmitted mechanically, but by grafting from naturally infected to health melon plants. Field and greenhouse experiments demonstrated that the virus is transmitted by white fly, Bemisia tabaci, and electron microscopy of leaf-dip with extract from field and greenhouse infected plants showed presence of flexuous, filamentous virus particles typical to those of Closteroviridae with approximately 800-900 nm length (Costa et al. 2002 .
Two virus species transmitted by white fly have been causing disease problems with similar yellowing symptoms in cultivated melon fields in California, USA and Spain: LIYV and Cucurbit yellow stunting disorder virus (CYSDV), family Closteroviridae genus Crinivirus (Wisler et al. 1998 , Abou-Jawdah et al. 2000 , Karasev 2000 .
Similarly to LIYV and CYSDV, the life cycle of the virus causing yellowing in melon fields in Northeastern Brazil is strongly dependent on its vector. High populations of white fly are usually associated with symptoms on melon (Fig. 4) and the spread of the virus may be related to the increase in distribution of the polyphagous B biotype of B. tabaci, also known as B. argentifolii (Célix et al. 1996 , Louro et al. 2000 , Hourani & Abou-Jawdah 2003 , Menzel 2011 .
No resistant melon cultivars are currently available commercially, although source of resistance has been recently found (McCreight & Wintermantel 2011) . The control of LIYV and CYSDV centers on the control of its vector B. tabaci, and elimination of sources of infection.
On the other hand, molecular studies demonstrated the presence of a new virus causing yellowing mosaic in melon (Nagata et al. 2003) . The virus genome was partially sequenced and the virus was named Melon yellowing-associated virus (MYaV) included in the genus Carlavirus, family Betaflexiviridae (Nagata et al. 2005 , King et al. 2012 . Nevertheless, Nagata et al. (2005) raised the possibility of a mixed infection of MYaV with a virus species from the genus Crinivirus, being responsible for the yellowing mosaic in melon in the Northeastern Brazil. Recently a yellowing disease in zucchini squash produced by mixed infections of CYSDV and Cucumber vein yellowing virus (CVYV), a member of the genus Ipomovirus, family Potyviridae, both transmitted by whitefly was detected in Spain (Gil-Salas et al. 2011) . 
